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FeatureThe human sense of smell has long been belittled as a vestige of the more powerful 
olfactory capabilities observed in other mammals. Yet, now that the genes for our 
350 olfactory receptors are known and researchers are beginning to link them both 
to olfactory stimuli and to downstream neurological processes, olfaction emerges 
at an important crossroads allowing scientists to investigate connections between 
evolution and behaviour, and between perception and language. Michael Gross 
reports. 
Our sense of smell at the crossroadsSmell test: Asifa Majid from Radboud University Nijmegen has studied the smell lexicon of 
hunter-gatherer societies in South Asia. The photo shows her sampling the smell of wild ginger 
during a fi eld trip to the Jahai in Malaysia. (Photo: Niclas Burenhult, Lund University, Sweden.)We follow our noses and sniff out 
opportunities in a metaphorical sense, 
and maybe also subconsciously, but 
in our conscious decisions we give 
preference to the perceptions of our 
visual and auditory systems. If we talk 
about our fi fth sense at all, it’s mostly 
in the context of food appreciation. 
The natural odours of our conspecifi cs 
are taboo or at best a nuisance. The 
biggest smell-related human activity is 
in the industries that aim to suppress 
odours or to cover them up with 
artifi cial ones. Unlike mice or dogs, we 
don’t identify friend or foe by smell. At 
least not consciously.
And yet, the sense of smell is 
an attractive system for scientifi c 
investigation, as it is composed of 
around 350 different chemoreceptors 
that can be stimulated by specifi c 
chemicals, although only around 40 of 
these have been identifi ed so far. The 
gene sequences of the receptors are 
known and mutations are beginning to 
be linked to sensory phenotypes. Each 
is embedded in its own specialised 
group of nerve cells in the olfactory 
epithelium, and the stimulus can be 
followed from there with modern 
imaging methods. Recent research 
suggests that, using combinations of 
the 350 olfactory receptors, humans 
can perceive many more smells than 
previously thought, and possibly up to 
one trillion of them (Science (2014) 343, 
1370–1372). But can we describe these 
smells? 
Name that smell
Wine experts are notorious for their 
far-fetched metaphors describing 
tastes and smells with expressions 
that appear to have no connection to 
most people’s sensory experiences 
and may not mean anything to the lay 
wine-drinker. 
This observation highlights the 
problem that we are not very good at 
describing smell experiences. We have very few words that specifi cally defi ne 
smells, and mostly we use expressions 
derived from typical sources of an 
odour, such as ‘fruity’, or ‘like rotten 
eggs’. But could that diffi culty be just 
a cultural phenomenon in a society 
that no longer depends on olfactory 
perceptions to fi nd food in the forest? 
Asifa Majid from Radboud University 
Nijmegen (Netherlands) has studied 
the smell vocabulary of two languages 
spoken by hunter-gatherer communities 
in the Malay peninsula. As she reported 
at the AAAS Annual Meeting at San 
Jose, California, in February, both of these languages, Jahai and Maniq, 
enable their speakers to describe smell 
experience without specifi c reference to 
the source of the odour. 
In a recent investigation, Majid 
and Niclas Burenhult from Lund 
University, Sweden, tested ten native 
speakers of Jahai in Malaysia and a 
matched control group of ten native 
speakers of American English on a 
task requiring them to name colours 
and odours (Cognition (2014) 130, 
266–270). A quantitative analysis of 
the responses in the control group 
confi rmed that English speakers 
are much better (by an order of 
magnitude) in naming colours than 
in naming smells. Moreover, while 
they mostly used abstract terms 
for the colours, the majority of the 
odours were described by source-
based expressions. By contrast, 
the Jahai speakers performed 
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Ripe odour: Food appreciation is one of the rare circumstances in which we actively use our 
sense of smell. For instance, in camembert cheese (lower panel) the smell is the best guide to 
the maturity of the cheese. (Photos: Wikimedia Commons.)equally well for odours and colours 
and predominantly used abstract 
descriptors for both. 
“Not only are the Jahai speakers 
naming smells and colours with equal 
ease, but the Jahai are much better at 
naming smells than English speakers,” 
Majid explains. “Despite the fact the 
smells we tested were all familiar to the 
Americans we tested, they often were 
completely off-base when naming them. 
For example, when describing the scent 
of cinnamon, our American English 
speakers used descriptions like ‘smoky’, 
‘edible’, ‘wine’, and ‘potpourri’.”
In a separate study, Majid has worked 
with Ewelina Wnuk from the Max 
Planck Institute for Psycholinguistics at Nijmegen to analyse the representation 
of odours in the Maniq language 
(Cognition (2014) 131, 125–138). This 
language, which Wnuk is currently 
investigating comprehensively, is 
spoken by fewer than 300 people 
living as hunter-gatherers in southern 
Thailand. 
Based on the language study and 
a set of odour experiments, Wnuk 
and Majid established that the Maniq 
have a rich and complex lexicon to 
describe smell experiences, which 
is structured along two dimensions, 
namely the pleasantness and potential 
danger linked to the odour. The authors 
conclude that the perceived inability 
to describe odours depends on our culture and that fundamentally human 
language can be effi cient at relating 
olfactory experiences. 
“Taken together these studies tell 
us the inability to name smells is not a 
biological limitation, but also a cultural 
one,” Majid concludes. “If you were 
born a Maniq or Jahai speaker, you 
would be perplexed at these English 
speakers who seem to be missing this 
fundamental ability.”
Seeing that the languages able to 
describe odours appear to be linked 
to hunter-gatherer societies, one could 
speculate that we lost the ability to 
describe smells with the switch to 
agriculture. Out in the wilderness, where 
humans have to be wary of unexpected 
threats and fi nd food sources hidden 
in dense vegetation, the sense of smell 
may be more useful than on a farm, 
where threats are fenced out and food 
sources fenced in. The whiff emanating 
from the stables tends to be unpleasant 
and uninformative. 
Did the fi rst farmers, once they 
stopped following their noses in the 
search for food, simply stop talking 
about odours? It may be impossible to 
answer this based on the archaeological 
fi nds, Egyptologist Elisabeth Steinbach 
from the Humboldt University of 
Berlin, Germany, points out, as early 
writing only occurred in established 
agricultural societies and only refl ected 
a small part of their lives. The earliest 
known examples from Mesopotamia, 
for instance, tend to be inventories of 
commodities rather than reports of 
sensory experiences (Curr. Biol. (2012) 
22, R981–R984). However, comparison 
between present-day cultures may 
provide clues. Majid and colleagues are 
currently examining related languages 
of agricultural societies in South Asia to 
answer this question. 
Neural connections 
Apart from the clear cultural aspect 
of our inability to name smells, as 
highlighted by the work of Majid and 
colleagues, there is also a neurological 
side to this question. The group of 
Jay Gottfried at the Northwestern 
University Feinberg School of Medicine 
in Chicago, USA, has used event-
related potentials (ERPs) and functional 
magnetic resonance imaging (fMRI) 
to analyse neural processes linked to 
naming smells (J. Neurosci. (2014) 34, 
14864–14873). 
The experiments confi rmed that 
the participants were slower at linking 
words to smells than at linking them 
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Fragrant fl ower: Sweet osmanthus (Osmanthus fragrans) is a plant appreciated for its fra-
grance across southern Asia, where it is also used as a food ingredient and in herbal teas. A 
recent study has identifi ed 23 volatile substances in its odour. (Photo: Laitr Keiows/Wikimedia 
Commons.)to pictures. Studying the ERPs, the 
researchers found that the events 
triggered by the odour start more 
rapidly than visual responses, but take 
a longer time to run to completion. 
With the fMRI imaging experiments, 
the researchers could pinpoint specifi c 
areas of the brain, namely specifi c parts 
of the right orbitofrontal cortex (OFC) 
and the left anterior temporal lobe (ATL), 
which are actively involved in linking 
words to smells. 
 Both these areas are known to be 
sensory convergence zones where 
the neural paths of olfactory and other 
sensory channels meet. However, the 
precise location within these structures 
that are active in odour naming appear 
to be only one synapse away from 
the piriform cortex, the structure that 
delivers the primary signals. 
Therefore, the authors conclude, 
the olfactory percept may be less 
thoroughly processed than other 
sensory inputs before it is matched 
up with language. This might explain 
part of the diffi culty we experience 
in naming smells, but it also gives 
language a more important role in 
completing the processing of the 
perception. That is, if you do manage 
to describe the smell, you may fi nd it 
easier to remember it. 
Gottfried also presented this work at 
the AAAS meeting in February, where 
he discussed studies both on healthy 
volunteers and on patients with primary 
progressive aphasia, a language 
disorder characterised by increasing 
diffi culties in naming things. 
The unique features of our sense 
of smell, including its composite 
nature based on more than 350 
different chemoreceptors that can 
be targeted separately and the fact 
that it is also active in the absence of 
consciousness, make it a model that 
can help neuroscientists to address 
general questions concerning human 
perception. 
For instance, Gottfried’s group 
used the olfactory sense to modulate 
conditioned fear memories in sleeping 
subjects (Nat. Neurosci. (2013) 16, 
1553–1555). “We found that, by 
presenting an odour during sleep, we 
were able to modify fear memories that 
human subjects had come to learn 
in a prior wake session”, Gottfried 
explains. “The fMRI pattern changes 
in the amygdala suggested that the 
effect of odour (in sleep) is to induce a 
qualitative neural reorganization from 
fear memory to fear extinction. Such data suggest potentially powerful 
ways of diminishing pathological fear 
in patients with post-traumatic stress 
disorder and anxiety.”
In a separate project, Gottfried’s 
group has used the known changes 
to the reward function of food 
odours when a person has eaten 
the corresponding food to satiety 
in order to investigate whether this 
effect of odours works on the level of 
the complete mixture of chemicals or 
whether it is triggered by individual 
components of the mixture (Neuron 
(2014) 84, 857–869). 
Specifi cally, the team used the odour 
of commercial peanut butter, which gas 
chromatography/mass spectrometry 
analytics revealed to consist of 14 
different chemicals. Studying the fMRI 
response to peanut butter odour or 
separate constituents with volunteers 
who had eaten peanut butter already, 
the researchers found that both the 
holistic and the compound-specifi c 
response have a role to play in the 
brain responses that modify the reward 
response under conditions of satiety. 
While the OFC and amygdala appear 
to respond to the whole mixture, the 
posterior piriform cortex can invoke the 
satiety response on the basis of just four compounds, which between them 
don’t even yield a recognisable peanut 
butter smell. 
Thus, “we were able to fractionate the 
components of natural peanut butter 
smell to show that in fact the human 
brain has access to specifi c odor 
components of the peanut butter, and 
can use this information to modulate 
neural representations of value and 
pleasantness,” Gottfried summarises.
Genes and food 
As the genes of more than 350 olfactory 
receptors have been detected in 
the human genome, these provide a 
unique basis for studies linking genetic 
diversity to variance in perception 
and indeed behaviour. Differences in 
olfactory perception will have enabled 
hunter-gatherers to fi nd and enjoy 
different kinds of food, and advantages 
of specifi c diets may well have helped 
to establish genetic variants. 
Researchers are only beginning 
to explore the olfactory system 
as an interface between genetics 
and behaviour. In a pair of papers 
published in this journal, the group of 
Richard Newcomb at the New Zealand 
Institute for Plant and Food Research 
at Auckland looked for connections 
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Nose fi rst: Olfaction plays a bigger role for other mammals such as rodents than for humans. 
In mice, instinctive behaviours including fear of predators, aggression towards rivals, and 
avoidance of sick conspecifi cs are all triggered by olfactory perception. However, recent re-
search with human subjects seems to suggest that the importance of our sense of smell may 
have been underrated. (Photo: Rama/Wikimedia Commons.)between mutations in olfactory 
receptors detecting certain food odours 
and the measured sensitivity for those 
odours. 
In the fi rst study, Sara Jaeger et al. 
identifi ed single nucleotide 
polymorphisms (SNPs) associated 
with the phenotypic difference in 
the perception of four odorants, 
namely 2-heptanone (blue cheese), 
isobutyraldehyde (malt), beta-
damascenone (apples) and beta-
ionone (freesias). All the SNPs were 
close to olfactory receptor genes, thus 
presumably affecting the regulation of 
the synthesis of those receptors (Curr. 
Biol. (2013) 23, 1601–1605). 
Based on the discovery that the 
variable sensitivity for the smell of 
beta-ionone is associated with a cluster 
of twelve olfactory receptor genes on 
chromosome 11, Newcomb’s team 
then sequenced this cluster for the 
study participants and discovered a 
mutation that explains nearly 95% of 
the observed phenotype variability 
(Curr. Biol. (2013) 23, 1596–1600). The beauty of these fi ndings is 
that the combinatorial nature of 
the olfactory receptors in odour 
reception is refl ected in the genes: 
the variants analysed so far each 
appear to infl uence one particular 
smell, but across the whole olfactory 
genome they add up to a person’s 
sensory profi le much like the signals 
from the sensors add up to an odour 
perception. 
However, it is too early to draw 
wide-ranging conclusions regarding 
the connections between human 
genetics and food choice via the 
olfactory genome. “The study of 
olfactory genetics as linked to 
perceptual differences that might 
guide behaviour in humans is in its 
infancy,” remarks Kara Hoover from 
the University of Alaska at Fairbanks, 
who looks for such links in her 
research.
Most work on the links between 
olfaction and behaviour has been 
done in animals and especially in 
rodents, for which the sense of smell appears to play a more signifi cant 
role than for modern humans. Mice 
can, for instance, use the smell of 
peptides present in the urine both to 
recognise their relations (Nat. Commun. 
(2013) doi: http://dx.doi.org/10.1038/
ncomms2610) and to avoid the risk 
of infection from conspecifi cs (Curr. 
Biol. (2015) 25, 251–255). Shared 
mechanisms in olfactory triggers can 
help to generalise apparently unrelated 
instinctive behaviours such as fear and 
aggression in mice, as Lisa Stowers 
from the Scripps Research Institute 
at La Jolla, California, and colleagues 
have argued (Curr. Opin. Neurobiol. 
(2013) 23, 339–345). 
Outlook
There has always been widespread 
speculation and a scarcity of data as to 
whether the instinctive chemoreceptor 
responses known from animals, 
including the pheromone response of 
the vomeronasal system, are active on 
a subconscious level in humans. 
Outside the area of food and drink 
appreciation, smell has long been 
marginalised, possibly because of its 
association with instinctive animal 
behaviour and ‘primitive’ impulses, 
and possibly also because many of 
the smells we perceive in everyday life 
are more likely to be a nuisance than a 
pleasure. The lack of olfaction, known 
as anosmia, remains a condition that is 
little appreciated or understood (http://
www.fi fthsense.org.uk/ ). 
However, there may be a cultural 
awakening in the making, allowing us to 
appreciate our olfactory senses more 
fully as an important interface to our 
environment, even for modern urbanites 
far removed from hunter-gatherer 
ancestors who made better use of 
their noses. This has been highlighted 
by the appearance of the book Urban 
Smellscapes by the urban planner and 
academic Victoria Henshaw (1971–
2014), as well as by grassroots groups 
organising olfactory explorations (smell 
walks) in cities. 
The improving scientifi c understanding 
of the complexities of our olfaction and 
its crucial position as a combinatorial 
switchboard at the crossroads between 
evolution and behaviour, perception of 
our environment and language may help 
to shore up its long-suffering reputation 
as being only the fi fth sense. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.uk
